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A] 



ABSTRACT 



PROBLEM TO BE SOLVED: To provide a three-group zoom lens of high resolving 
power and small size which is well corrected of various aberrations, such 
as chromatic aberrations, by forming a first group having negative power in 
such a manner that this group has a diffraction optical element on at least 
one face therein and satisfies specific conditions. 

SOLUTION: The zoom lens consists, successively from an macro-side, three 
groups; the first group Grl having negative power, the second group Gr2 
having positive power and the third group Gr3 having positive or negative 
power. The first group Grl having the negative power has the diffraction 
optical element r3*# on at least one face therein, 

fcverbar ; &phi v ; Dn/ &phiv ; 1 &ve rbar ;(0.06, -0.8( &phi v ; n/ &phi v / W ( - 0 . 3 are 

satisfied. &phiv;Dn is the power by the refraction effect of the first 
group Grl; &phiv;l is the power by the refraction effect of the lens having 
the diffraction optical element r3*# in the first group Grl; &phiv ; n is the 
synthetic power by the refraction effect and diffraction effect of the 
first group Grl; and &phiv;W is the synthetic power by the refraction 
effect and diffraction effect of the entire system at a short focal length 
end . 
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A3 : 8&<wmmm* 

A4 : i oixmmmim. -c**. 

[0034] 

H 4 +B3H 6 +B4H8) -(DS) 
A2= 0.86442X10-9 

[0 0 38] a6ffi(r6)^«If-?) 
Al=-0. 59696X10" 6 
A2=-0. 49461X10" 8 
A3=-0. 28552X10" 10 

[0039] m9m(r9)v>imm7-?) 

Al= 0.17603X10- 4 
A2= 0.44794X10" 7 
A3=-0.11964X10" 9 
A4= 0.55552X10" 12 

[0040] mi omiriox&fflmT-f) 

Al=-0. 49193X10" 5 
A2=-0. 43328X10- 7 
A3=-0. 19739X10" 9 
A4=-0. 42486X10- 12 

[004 1 ] [SSI lffi(rll)^«ffiT-^J 
Al= 0.17906X10- 6 
A2=-0. 15165X10" 7 
A3=-0. 11528X10-9 
A4= 0.38339X10" 12 

[0042] [^3ffl(r3)c7)[IItlfHT-^] 
Bl= 6.6010X10" 5 
B2=-9.0280xl0-9 
B3= 9. 9452X10" 11 

[0043] C»6m(rt)OlSWfH7 f -*} 
Bl=-1. 2688X10" 4 
B2= 1.8458X10- 7 
B3=-5. 8796 x 10- ^ 
B4=-3.5241X10~ 13 

[0044] 



(7) #1^20 0 0-9 9 99 (P2000-999 



f =52. 2— 70.5—88.8 
Fno=5.81— 5. 53—5. 16 

m**m m±mnmtmmmi ir+j«Ki 

ISBlil(Grl) •••£} 
rl#= 188.30 

dl= 2.50 Nl=1.6200 v 1=60. 3 

r2»= 30. 95 

d2= 18.28 

r3*= 54.10 

d3= 3.15 N2=1.6497 v 2=33. 6 

r4= 100.02 

d4= 61.61—27.84—7.39 
{fg2»(Gr2) -IE} 
r5= oo{iKD(S)} 

d5= 0.00 

r6*= 21.93 



d6= 6.20 N3=1.5907 v 3=58. 9 



r7= -313.39 



d7= 2.20 



r8= 87.50 



d8= 3.12 N4=1.7491 v 4=34. 6 



r9*= 24.92 



d9= 



4. 

IE} 



9-8.43—11.07 



{SB3#(Gr3) 
rl0*= -25.96 

dl0= 3. 42 N5=l. 7479 v 5=31. 9 

rll*= -36. 31 

dll= 1.02 

rl2= -50.13 

dl2= 3.81 N6=1.5704 v 6=63. 2 

rl3*#=-26. 01 

[0045] («2B(r2)^^ciB7 f -^) 
A1=H). 25738X10* 5 
A2=-0. 40918X10" 9 
A3=-0. 57691x10* 11 
A4= 0.27173X10" 14 

[0 04 6] tm3ffl(r3)^«ST-^] 
Al= 0.54933X10" 8 
A2= 0.72382X10" 9 
A3=-0. 34693X10" 11 
A4= 0.45034X 1 0" 1 4 

[0 0 4 7] [»6H(r6)^BRffir-^J 
Al=-0. 75015X10" 6 
A2=-0. 31758X10- 8 
A3=-0. 21935 X 10- " 
A4=-0. 31253X10" 13 

[0 04 8] (3&9ffl(r9)0^$cfflT-?) 
Al= 0.15250X10- 4 
A2= 0.45780X10- 7 



A3=-0. 50688X10-^ 
A4= 0.20570X10" 12 

[0049] mi OH(rlO)^«Br-^) 
A1=-0.19975X10" 6 
A2= 0.32710X10" 7 
A3=-0. 34527X10" 9 
A4= 0.34692X10" 12 

[00 50] mi lBCrllJ^WRBT--*) 
Al= 0.15186X10- 5 
A2= 0.26729X10" 7 
A3=-0. 19751X10- 9 
A4= 0.39507X10" 12 

[0051] mi3m(ri3)coimm7-?) 

Al= 0.76389X10- 6 
A2=-0. 37449 x 1 0 ~ 8 
[00 5 2] [»lB(rl)<*)Etfrffir-*) 
Bl=-5. 1493X10- 6 
B2= 4.2511X10- 8 
B3=-2. 8183X10" 11 

[00 5 3] mi 3B(rl3)O0tl*r-*] 
Bl=-1. 3992X10" 4 
B2= 1.6053X10" 7 
B3=-l. 1060X10" 9 

[0054] 



(8) ^2 0 0 0-99 9 9 (P2000-999 



f =54. 3-72. 4-90. 5 
Fdo=4. 95—4. 66—4.28 

tmm*m mtmmiammm ltwq 

{SglSCGrD «.« 
rl*= 138.89 

dl= 2.50 Nl=1.6200 v 1=60. 3 

r2*f= 32.05 

d2= 16.03 

r3*= 40.63 

d3= 2.94 N2=1.7225 v 2=29. 6 

r4= 53.09 

d4= 48. 29-18. 51-0. 33 
{S62»(Gr2) -IE} 
r5= 29.70 

d5= 6.83 N3=1.5168 v 3=67. 4 

r6= -1503. 16 

d6= 5.36 

r7*= 34.28 

d7= 7.00 N4=1.6620 v 4=53. 2 

r8= 83.45 

d8= 1.12 
r9= oo{Rf)(S)} 

d9= 0.10 

rl0=-2107.70 

dl0= 2. 50 N5=l. 7003 v 5=30. 2 

rll*= 22.06 

dll= 7.60 

rl2= 278.29 

dl2= 2.50 N6=1.7440 v 6=44. 7 

rl3= -159.37 

dl3= 0.24-1.33-1.91 
{3S3*(Gr3) —IE} 
rl4*#=-80.52 

dl4= 7.00 N7=1.7218 v 7=46. 6 

rl5= -44.21 

[0055] [mimirDcoimm?-?) 

Al= 0.12653X10" 6 
A2=- 0. 12009X10- 9 
A3= 0.22074X10" 12 
A4= 0.19142X10" 15 

[00 56] t»2ffi(r2)<Z#IOTT--*) 
Al=-0. 13513X10" 5 
A2=-0. 15996 X lO" 8 

[0 0 57] [JB3H(r3)^»RHT-*] 
Al=-0. 30025X10- 6 
A2= 0.28603X10" 9 
A3=-0. 78654X10" i 2 
A4= 0.69422X10" 15 

[0058] (fB7ffl(r7)^WHST-^J 



Al=-0. 44607X10' 5 
A2=-0. 10445 x lC? 
A3=-0. 14964X10' 10 
A4= 0.11674X10-13 

[00 59] (SSI lK(rll)O^RRKT-^) 
Al= 0.16154X10' 5 
A2=-0. 92014X10' 8 
A3= 0.42180X10-10 
A4= 0.10828X10" 12 

[0060] mi 4B(rl4)<50#«HT-^) 
Al= 0.27941X10- 5 
A2= 0.13440X10" 7 

[0 06 1 ] Lm2m(r2)cD\*ltfTffi?-?) 
Bl= 7. 4037X10" 6 
B2=-6. 5046X10" 8 
B3= 1.7972X10" 10 
B4=-2.5108X 1 0 - 1 3 

[0062] imi4m(ru)<7)®ffimT-?) 

Bl =-1.1409X10"* 
B2=-l. 4185X10" 7 
B3= 3. 7727X10" 9 
B4=-1.8750XlO-i 1 
[0063] 



(9) WIS 2 0 0 0-9 9 9 9 (P2000-9999I! 



f =52. 6-71. 3-89. 8 
Fdo=5.74— 5.41— 5.00 

[f&*¥«] Wft±BffnDW][a*f*] [7^W 
{SIliKGrl) -A) 
rl*= 892.10 

dl= 2.50 Nl=1.4870 v 1=70. 4 

r2*#= 33.83 

d2= 23.50 

r3= 58.65 

d3= 2.50 N2=1.7457 v 2=40. 8 

r4= 84.91 

d4= 59.48—22.06—0.10 
{®2»(Gr2) -«jE} 
r5*= 23.39 

d5= 7.00 N3=L5345 v 3=64. 7 

r6= -208.23 

d6= 3. 06 
r7= oo{»D(S)} 

d7= 0.10 

r8= 55.03 

d8= 3.04 N4=1.7537 v 4=28. 9 

r9*= 24.79 

d9= 2.02—4.60—6.60 
{3S3»(Gr3> -IE} 
rl0*#=-22.06 

dl0= 6. 80 N5=l. 4870 v 5=70. 4 

rll*= -20.61 

[0 0 64] mim(ri)coimmT~-?] 

Al= 0.17638X10' 5 
A2=-0. 32689X10- s 
A3= 0.31282X10" 11 
A4=-0. 12245X10" 14 

[00 6 5] [*2ffi(r2)colWJBT r -^) 
Al=-0. 15723X10" 6 
A2=-0. 35930X10* 8 

[0066] [m5m(r5)<?)immT-?) 

Al=-0. 26879X10" 5 
A2=-0. 10281X10- 7 
A3= 0.74280X10- 11 
A4=-0. 83045X10" 13 

[00 6 7] [m9mr9)co3mmr-?] 

Al= 0.10546X10" 4 
A2= 0.76799X10" 8 
A3= 0. 92557 x 10' 10 
A4=-0.59229X 1 0-12 

[0 0 6 8] [HI OHCrlW^MSffix-*] 
Al=-0. 65378X10" 6 
A2=-0. 29145X10" 7 

[00 69] (»1 lB(rll)<^N3c®x-*J 



Al= 0.39938X10- 5 
A2= 0.19933X10' 9 
A3=-0. 67106X10-^ 
A4= 0.55502X10" 12 
[0070] (»2ffi(r2)OEIWf-*) 
Bl= 4. 1737X10" 5 

[007 1 ] (mi OH(rlO)<OE4Jf«T--*] 
Bl=-1. 3666X10" 4 
[0072] 

f =52. 7-71.5-90.0 
Fno=5. 78—5.47—5.07 

[tt-kBNIIIHBft*] I7y*m 
{?gl»(Grl) -ft} 
rl= 182.67 

dl= 2.50 NW.4870 v 1=70. 4 

r2*= 30.07 

d2= 22.38 

r3*#= 84.32 

d3= 2.91 N2=1.6303 v 2=45. 4 

r4= 182.41 

d4= 61.45—22.87—0.40 
{Jg2»(Gr2) -IE} 
r5= oo{jKO(S)} 

d5= 0.00 

r6*= 21.60 

d6= 7.00 N3=1.5880 v 3=51. 6 

r7= -226.95 

d7= 1.58 

r8= 77.00 

d8= 2.50 N4=1.7550 v 4=27. 6 

r9*= 24.04 

d9= 2.68-5.71-8.52 
{Sg3»(Gr3) -jE} 
rl0*#=-22. 34 

dlO= 7.00 N5=1.4870 v 5=70. 4 

rll*= -20. 78 
[0073] m2m(r2)<nimffiT~?) 
Al=-0. 15026X10" 5 
A2=-0. 91056X10" 9 
A3=-0.61180X10" 12 
A4=-0. 30338X10" 14 

[0 0 74] (®3ffi(r3)^«ffif-^) 
Al= 0.88997X10* 6 
A2= 0.80680X10" 9 

[0075] m6m(r6)coimmT-?) 

Al=-0. 10376X10" 5 
A2=-0. 85506X10" 8 
A3=-0. 49843X10" 11 
A4=-0. 10792X10" 12 



(10) «SH2000-9999 (P2000-9999B! 



[0076] [»9iB(r9)^WfflST-^) 
Al= 0.15490X10' 4 
A2= 0.24855X10" 7 
A3= 0.12022X10' 9 
A4=-0. 39965X10" 12 

[0077] imi om(rio)coimm j f-^) 

Al=-0. 20973X10" 5 
A2=-0. 21920X10- 7 

[0 0 78] mi lffi(rll)0##»r-*) 
Al= 0.34325X10-5 

A2*= 0.45686X10" 8 
A3=-0. 61717X10- io 
A4= 0.43116X10" 12 

[0079] (Sg3®(r3)CO[lItffDBf r -^] 
Bl= 5.0649X10-5 

B2=-5. 3271X10" 8 
B3= 2.3195X10-H 

[0 0 80] [mOHfrlO^EWr-*) 
Bl=-1. 7812X10" 4 
[008 1] 



f =53.7—71.1-88.7 
Fno=5.69— 5. 36—4.94 

[tt±ffiWBI][JB5f^] 



{5Sl»(Grl) 
rl*= -223.21 

r2*= 38.61 

r3#= 76. 70 

r4= 182. 54 

{|g2»(Gr2) 
r5*#= 24.09 



•ft) 



dl= 2.50 Nl=1.6389 v 1=46. 8 



d2= 17.77 



d3= 2.50 N2=1.7550 v 2=27. 6 



d4= 43. 62—20. 27—6. 21 
-IE} 

d5= 6.19 NM.5022 v 3=68. 8 



r6*= -579.95 

d6= 9.60 
r7= oo{»D(S)} 

d7= 0.10 

r8*= 121.29 

d8= 2.50 N4=1.6200 v 4=60. 3 

r9= -351.01 

d9= 1.88 
(Sg3»(Gr3) -jEI 
rl0*= -47.66 

dl0= 2. 50 N5=l. 6931 v 5=30. 6 

rll= 75. 52 

dll= 3.84-2.22-1.25 

rl2= -130.42 

dl2= 7.00 N6=1.7440 v 6=44. 7 

rl3*= -52. 12 

[0 082] [»lB(rl)<^|«ffiT-*) 
Al= 0.14808X10- 5 
A2=-0. 13578X10" 8 
A3=-0.97559xl0~i 2 
A4=-0. 38796X10- 1 5 

[0 083] (S2I(r2)c7)«If-^) 
Al=-0. 12028X10-5 
A2=-0. 11555X10" 8 
A3=-0. 24466X10" u 
A4=-0.5%62xl0"i 4 

[0 084] [»5H(r5)tf>#«ffiT-*) 
Al= 0.17699X10" 6 
A2= 0.22510X10" 8 

[0085] CM 6 Bf (r6) W^WEIB^— ^) 
Al= 0.50370x10-5 
A2=-0. 55928X10" n 
A3=-0. 14218X10- io 
A4= 0.23963X10-13 



(11) EfB82000-9999 (P2000-9999B1 



[00 
Al=-0. 
A2=-0. 
A3=-0. 
A4= 0. 

[0 0 
Al= 0. 
A2=-0. 
A3=-0. 
A4=-0. 

[00 
Al= 0. 
A2= 0. 
A3=-0. 



86] [*8ffi(r8)^N*ffir-*l 
19588x10" 5 
13687X10- 8 
73932x10' 10 
16585X10" 11 

87] miom(rio)<7)immT~?) 

51720X10" 5 
24589X10" 3 
10532X10" 9 
13970X10- 11 

88] mismriDmmffiT-f} 

93675X10-5 
21325X10-7 
63025X10- 10 



A4= 0 
[00 

Bl= 7. 

B2= 1. 

B3=-5. 

B4= 8. 
[00 

Bl=-1 

B2=-l. 

B3=-4. 

B4= 2. 
[00 
[*1 



24720X10-12 

89] (|g3®(r3)0[Hl*f®T : -^] 

6335X10-5 

6519X10-7 

9487X10- 1 * 

3781X10- 13 

90] W5ffl(r5)cOEIlffffl'r-^) 

2860X10" 4 

0695 x 10- s 

7484xl0-io 

1844X 1 0- 1 2 

91] 

] 



m 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


l0Dn/0 11 


0n/0 f 




1 0 Dp/0 pi 


10 Dp/0 21 


r2/r3 


rL- 0 p3 


i 


0. 0265 


-0. 4S9 


-0. 458 


0. 0200 


0. 0085 


0. 365 


-0. 121 


2 


0. 0006 


-0. 495 


-0. 523 


0. 0509 


0. 0250 


0. 572 


-0. 143 


3 


0. 0010 


-0. 615 


-0. 456 


0. 0279 


0. 0286 


0.789 


-0.361 


4 


0. 0060 


-0. 456 


-0. 492 


0.0653 


0.0695 


0.577 


-0. 086 


5 


0. 0248 


-0. 443 


-0. 479 


0.0817 


0.0881 


0.357 


-0.091 


6 


0. 0266 


-0. 645 


-0.564 


0. 0207 


0.0119 


0.503 


-0. 464 



[0092] m7—m9nmmmicr>umm. mi o~ 
01 2immm2cDW.mm. ii3Hii 5immm3 
oiRnia, lai 6— mi 8\tmmm4cr>ifmm. mi 9 
H2 2 1 amrnm 5 wjrhh .022-024 immm 
6cr>wmmx'h>o . ^ti^tiwuj^ssmmm, 

fc. (A)«RH, (B)^JRa. <C>M*C3g£SL 
TfcO. 8aWaC*(«*:A0656.3i«>fc:jtr4iRa, 
SSKUdtft(jftJl: Ad=587.6nmHC*f-f -j£[«tl 

AgM35.8n«)fcm-SIKS6**L'0*S. 
«®JRH{«lttl : jSWma*^W3te«rtrr6l<OX^*(niii)> 

fc*(-f*fc^A«t«¥lif «r WiffliWS* . H/HO) L 
[00 93] 

S¥*<7) 05f*^FC ±-5*C MXH * « t *> i: "T 4 i»K 



[0ffiOfSim=5:IJiHJ] 

commcommmmm 1 )«u >-xfit)£0. 
[ 0 2 ] s 2 nmmcomm mmm 2)<du> xmim. 
[03] m3<vmmc?>BmmmM3)cDu>>xffii$m. 

[04] *4<0SOfc<O»JB(HiW!4)<0U^X«|«BI. 
[05] ®5«0!lit<OJKB(IQIS«5)«0U>X«J«H. 

[06] m6commcomm(mmme)couyxm^m. 

[07] 1 coMMfiMZim [W] T««*H. 
[08] |g*t^lO4'ia^Cf0i«!S[M)t'<7)lRII0. 
[09 ] Xfftffl 1 <0»«U«raiBB(T)TWJR«H. 

[010] mt&M2<n®Mjmsmw)'c<7>wgm. 
[0ii] ^W2<^4>iB«uscre«««[M]'c<»5ioai 
0. 

[012] mtm2n&mj$gmmm?0)wam. 

[013] »fi^j3com^S0Slffi[W)T'^JRII0. 
[014] IIM^J30+ISim^8gf!i4m(M]T^iR^ 

0. 

[01 5] mtm3n&f&mmmiT)?(?>w.gm. 

[016] ^S60ij4OMmASBSfJS(W]-C<7)lR^0. 

[017] mmm4co*mi^iimMM)X'0>wg 
0. 

[018] ^S6^"]4cO«^g0lfaSCT]T'c7)JR^0. 

[019] mtm5comm5$mt®w)T'c7)wmm. 



(12) WBH20 00-99 9 9 < P 2 0 0 0 - 9 9 9 9« 



0. m^mm 

[02 1 3 mm5<7>9m]^s0m{T^<nmm, a-i -»iw 

[022] HM^J 6 WJSSI^aataat W) T-^JRI|0 . Gr2 • • •* 2 p 

[023] XJtffl 6 a4<nft£egKtt!IR (M] T^MMI Gr3 ■ • ■* 3 » 

0. s -m 



[01] [02] 




•0.10 -».OS 0.0 O.OJ 0.10 -O.10 -0.0S 0.« O.flS *.lfl -0.10 4.0 «.« 0,10 



(13) WBH2 0 00 



-9999 (P2000-9999B! 



[H7] 




'0.10 0.0 O.Oi 0.10 -0.10 -O.Oi 0.0 O.Oi 1.10 -0.10 .0.0 6.0 0.01 o.to 



CHI 0] 




(14) ^2000-9999 ( P 2 0 0 0 - 9 9 9 9 



[01 1] 




i 1 1 H — i i 1 1 1 1 i 1 1 1 1 

-O. 10 .0.09 0.O O.OS B. 10 -0.10 -0.00 0.0 «.»» 0.10 -0.10 -O. Of 0.0 O.D> 0.10 




(15) ^2000-9999 (P2000-9999H 



[014] 




[015] 



(A) (B) (C) 




-p. to -o.o* ft. ft 0.05 e.io -o.io -o.o» «.a e.»i o.t» -o.oi 0.0 0.0% 0.10 




(16) ^20 0 0-99 99 (P 2 000-9 9 99 





(17) «NJB20 00-99 99 (P2000-9999B 



[H201 





(18) «rBB2 0 0 0-99 99 (P2 000- 



9 9 9 9M1 



[123] 




F*-A(##) 2H087 KAOO KA08 KA18 PA05 PA17 
PB05 QA02 QA03 QA07 QA17 
QA19 QA21 QA25 QA32 QA42 
QA45 RA05 RA12 RA13 RA36 
RA46 SA14 SA16 SA19 SA62 
SA63 SA64-SB03 SB13 SB14 
SB22 



